Relative mutagenicity of some urinary metabolites of the antitumor drug cyclophosphamide.
Four urinary metabolites of the cytostatic drug cyclophosphamide were tested for mutagenicity in the Ames Salmonella assay: nornitrogen mustard (NM), 4-ketocyclophosphamide, 3-(2-chloroethyl)oxazolidone (OZ), and N,N'-bis(2-chloroethyl)piperazine. All four acted as direct base substitution mutagens although 4-ketocyclophosphamide showed an increase in mutagenicity after metabolic activation with S-9 rat liver fraction. Of the four compounds tested, NM was the strongest mutagen while all the others had weak mutagenic activity, with OZ being the weakest. We observed that, under conditions which facilitate the conversion of NM to OZ (presence of HCO-3 at neutral pH), the former lost both mutagenic and alkylating activities. Our findings, taken together with other reports in the literature, indicate that NM could be a major cause of secondary bladder carcinoma since it is a potent mutagen ad seems to be present in high levels in the urine of cyclophosphamide-treated patients. The fact that it can be detoxified to the weak mutagen OZ in the presence of HCO-3 suggests the possibility that, by increasing the concentration of HCO-3 in the urine of patients, that undesirable side effect of cyclophosphamide treatment can be alleviated.